Palatinose is a disaccharide present in honey, which has the characteristics of delayed digestion and absorption. We developed a palatinosebased balanced formula (PBF) and reported its beneficial effects on metabolic syndromerelated parameters in rats. To examine the effects of PBF in humans, we here conducted a crossover study using twenty-three subjects with impaired glucose tolerance. The subjects were divided into two groups: intervention to control (I/C) and control to intervention (C/I) groups. The I/C group consumed PBF (250 kcal) together with foods that were 250 kcal less than their usual breakfast (intervention meal) for the first 12 weeks, followed by their usual breakfast (control meal) for the last 12 weeks. The protocol for the C/I group was opposite in order: the control meal for the first 12 weeks, followed by the intervention meal for the last 12 weeks. In the first 12-week period, the intervention meal decreased 2-hr plasma glucose levels after 75-g oral glucose tolerance test (-15.7 ± 20.1% change), while the control meal did not (0.8 ± 31.6% change). The difference between these changes was significant ( p = 0.038). The similar results were obtained from the comparison of the changes between the first and the last 12-week periods in the two groups combined (intervention vs control: -11.8 ± 22.5 vs 11.2 ± 30.2% change, p = 0.024). PBF also had the beneficial effects on serum free fatty acids levels and visceral fat area. In conclusion, PBF consumption has beneficial effects on metabolic syndrome-related parameters in humans.
nose is completely absorbed, it has the specific characteristics of delayed digestion and absorption (Dahlquist et al. 1963; Lina et al. 2002) . We have developed a novel palatinose-based enteral formula, designated PBF, as a possible therapeutic means for improving postprandial hyperglycemia, and thus its accompanying conditions and complications (Arai et al. 2004) . As shown previously, PBF suppressed postprandial hyperglycemia after bolus intragastric ingestion, reduced visceral fat accumulation and serum triglyceride levels, and improved insulin sensitivity in rats (Arai et al. 2004) .
In this report, we have extended our study on the effects of PBF to humans. Furthermore, we have designed a study protocol with which it is easy for subjects to persevere and less expensive than using other drugs or intervention means, which can be applied in ordinary clinical practice; we did not ask the subjects to change their lifestyle during the study period (12 weeks) apart for consuming 250 ml of PBF per day at breakfast. We found that PBF was effective in humans even under this condition.
SUBJECTS AND METHODS

Subjects
Twenty-four (F/M: 10/14) subjects were recruited from the residents of a town in Yamagata prefecture, which is located about 400 km north of Tokyo, Japan, and who had been identified as having IGT at health care examinations held one year before this study. This study was approved by the Ethics Committee of Yamagata University School of Medicine, and informed consent to participate in this study was obtained from the participants.
Study protocol and traits examined
A crossover design (two 12-week intervention periods) was used to measure treatment effects. The subjects were randomized into two groups for sex and age (intervention to control [I/C] and control to intervention [C/I] groups). The subjects of the I/C group consumed at breakfast a 250 ml can (250 kcal) of PBF (Inslow, previously designated as MHN-01; the composition are reported previously (Arai et al. 2004) , as shown in Table  1 ; Meiji Dairies Corporation, Odawara) together with foods that were 250 kcal less than their usual breakfast to hyperglycemia has also been considered a risk factor for cardiovascular complications (Tominaga et al. 1999; Temelkova-Kurktscheive et al. 2000; Risso et al. 2001; Chiasson et al. 2002; Hanefeld et al. 2004; Nakagami et al. 2004 ). Many experimental and epidemiological studies have shown that increased postprandial plasma glucose (PG) levels may have equally or even more harmful effects than fasting hyperglycemia (Tominaga et al. 1999; Temelkova-Kurktscheive et al. 2000; Risso et al. 2001; Nakagami et al. 2004) , and the reduction of postprandial plasma glucose levels delays the development of cardiovascular complications (Chiasson et al. 2002; Hanefeld et al. 2004) . Postprandial hyperglycemia is a recognized consequence of the effects of both insulin resistance and the impairment of early insulin secretion in response to an oral glucose load (Reaven and Miller 1968; Bruce et al. 1988; Lillioja et al. 1988 ). However, inversely, both insulin resistance and the impairment of early insulin secretion in response to an oral glucose load can, at least initially, be somewhat improved by reducing postprandial glucose levels (Savage et al. 1979; Laedtke et al. 2000) . Furthermore, in most cases, postprandial hyperglycemia seems to occur for a significant period before the diagnosis of overt DM. Therefore, the early treatment of subjects with postprandial hyperglycemia appears to be important. Although the administration of a α-glucosidase inhibitor, acarbose, has been identified as an effective treatment for delaying the development of cardiovascular complications in subjects with postprandial hyperglycemia or impaired glucose tolerance (IGT) (Chiasson et al. 2002; Hanefeld et al. 2004 ), lifestyle intervention is as effective as or even more effective than drug intervention (Eriksson et al. 1998; Oldroyd et al. 2001; Uusitupa et al. 2003) . However, it is difficult for ordinary subjects to persevere with lifestyle intervention, and indeed the cost was even higher than the cost for drug intervention even if when it was effective (Hernan et al. 2003) .
Palatinose (isomaltulose) is a disaccharide present in honey, which has shown promise as a noncariogenic caloric sweetener (Siddiqui et al. 1967; Lingström et al. 1997) . Although palati-maintain their usual total energy intake at breakfast as the intervention in the first 12-week period (period 1), while the C/I group subjects consumed their usual breakfast as a Control in period 1. The subjects were advised by medical staff before the study and during the study period how to eat their usual diets to maintain their usual total energy intake in a day. After period 1, the subjects of each group exchanged their protocol for the following 12-week period (period 2). This design allowed the treatment effects to be measured between the study groups (namely between the different subjects) in the same study period, or period 1, as well as in the same subjects in a crossover comparison of periods 1 and 2. This study was started in January 2004. Since the number of subjects recruited was 24, each study group had 12 subjects. However, one subject initially assigned to the C/I group did not attend, and one subject from the C/I group insisted on moving to the I/C group at the baseline examination. The subjects in the C/I and the I/C groups were therefore 10 and 13, respectively. This did not affect the randomization of the subjects for sex and age, as shown in Table 2 . Compliance with PBF consumption was recorded by daily self-documentation, and all subjects were found to have consumed PBF at more than 95% of the scheduled times. All subjects were advised to maintain their usual lifestyle throughout the study periods except for breakfast.
The following characteristics were analyzed at the baseline (0 week) and the end (12 [crossover] and 24 weeks) of the each study period: height, body weight, results (PG and insulin) of a 75 g oral glucose tolerance test (OGTT), HbA1c, waist circumference, hip circumference, waist-to-hip ratio (WHR), body mass index (BMI), percent body fat, abdominal fat composition (area) at the L4-L5 level, an insulin resistance index assessed by homeostasis model assessment (HOMA-IR), systolic and diastolic blood pressures (BPs), total serum cholesterol, serum triglyceride, serum high-density lipoprotein (HDL) cholesterol, serum free fatty acid (FFA), serum remnant-like particle (RLP) cholesterol, and abdominal fat areas. Percent body fat was assessed based on the principles of bioelectrical impedance (Jebb et al. 2000) . Abdominal (total and visceral) fat areas (density: -50 to -250 Hounsfield units) were obtained by CT scan in a tomographic slice at the umbilical level as previously reported (Ribeiro-Filho et al. 2003) . The baseline characteristics of the study groups are shown in Table 2 . Glucose tolerance was diagnosed according to the 1999 World Health Organization criteria (WHO 1999). 
Statistical analysis
Data are given as the means ± S.D. The statistical significance of differences in the baseline characteristics between the groups was assessed by student's t-test. The differences in the characteristic values in each study period in each group were evaluated by student's paired t-test. The differences in the percent change in the characteristic values from the baseline to crossover (namely, in period 1) between the groups were evaluated by student's t-test as well as Mann Whitney's U-test, and the differences in those from the beginning to the end of each study period between periods 1 and 2 were evaluated by Wilcoxon test. A value of p < 0.05 was accepted as significant.
RESULTS
Baseline characteristics of the study groups
Although the subjects were randomized into two groups for sex and age, there were substantial differences in several other characteristics at the baseline between the groups, as shown in Table 2 . Hip circumference and abdominal fat areas were significantly higher in the I/C group than in the C/I group, indicating that the subjects in the I/C group were more obese in the upper body. Furthermore, several other characteristics such as body weight, waist circumference and abdominal visceral fat area (VFA) tended to be higher in the I/C group than in the C/I group. These differences between the groups mentioned above were therefore considered throughout this study.
Changes in the characteristic values in period 1
As shown in Table 3 , VFA, 2-hr PG levels and serum FFA levels at the end of period 1 (12 weeks) were significantly lower than at the baseline (0 week) in the I/C group, while no characteristic was significantly different between the beginning (baseline) and end of period 1 in the C/I group, except for the hip circumference and diastolic BP. We next evaluated the significance of these differences by comparing the change in their values from the baseline to the end of period 1 in the I/C group with those in the C/I group (Table 4) . The percent changes from the baseline values for hip circumference, 2-hr PG levels and serum FFA levels were significantly different between the groups, while those for VFA and diastolic BP were not significantly different. The degree of change was very subtle for the hip circumference (intervention vs control: 0.2% reduction vs 2.3% increase), indicating that the change may not be clinically relevant. However, the change was substantial for both 2-hr PG levels (15.7% reduction vs 0.8% increase) and serum FFA levels (22.3% reduction vs 18.7% increase).
No other clinical characteristics showed significant change difference between the groups in period 1.
Crossover comparison of periods 1 and 2
The effects of the intervention were also evaluated by comparing the percent changes in Fig. 1 . Percent change in characteristic values by the intervention. Twenty-three subjects with impaired glucose tolerance were randomized in a crossover design to consume at breakfast either PBF (250 kcal) together with foods that were 250 kcal less than their usual breakfast (Intervention) or their usual breakfast (Control) for two 12-week periods. The changes in 2-hr plasma glucose, serum free fatty acids levels and abdominal visceral fat area in the intervention period (I) were compared with those in the control period (C). Lines link each subject in the two treatment periods.
the characteristic values between periods 1 and 2, or namely, between the intervention and the control periods in the same subjects (Fig. 1 ). Significant differences in the mean percent change were observed for 2-hr PG levels (intervention vs control: -11.8 ± 22.5 vs 11.2 ± 30.2%, p = 0.024) and serum FFA levels (-13.6 ± 30.0 vs 23.1 ± 46.5%, p = 0.008). The percent changes in VFA (-13.9 ± 26.2 vs 0.6 ± 30.2%, p = 0.263) were not significantly different between the intervention and control periods. However, as seen in Fig. 1 , the subjects seemed to be divided into two groups (responders and non-responders) based on the differences in the changes in VFA between the periods. Subjects whose VFA decreased in the intervention period and, decreased less, or even increased in the control period, were defined as responders, while the others were considered as non-responders. In the responders (12 out of 22 subjects), characteristics relating to visceral obesity such as VFA (86.0 ± 35.1 vs 50.0 ± 28.1 cm 2 , p = 0.017) and the ratio between visceral and subcutaneous fat areas (V/S ratio) (0.95 ± 0.43 vs 0.38 ± 0.24, p = 0.002) were significantly higher than those in the non-responders, although BMI was not significantly different between them (24.8 ± 2.8 vs 24.3 ± 3.2 kg/m 2 , p = 0.724).
DISCUSSION
We first evaluated the changes in the characteristic values from the baseline in the intervention period (period 1) in the I/C group as the effects of the intervention, and found significant decreases in VFA, 2-hr PG levels and serum FFA levels. Therefore, these decreases can be explained as beneficial effects of the intervention. However, since we have not monitored their diet record and lifestyle characteristics during the study periods, the changes in the characteristic values observed in the analysis might have occurred due to the subjects changing their lifestyle to achieve a better outcome, despite being advised not to make changes. It is also possible that these changes might be merely seasonal changes. In consideration of these possibilities, we further evaluated the differences in the change in the characteristic values between the I/C and the C/I groups in period 1 (namely, intervention vs control in the different subjects) as well as between periods 1 and 2 in the I/C and C/I groups (namely, intervention vs control in the same subjects). In the I/C group, the effect and withdrawal effect of the intervention can be examined in each study period; therefore, comparing the changes in the characteristic values in period 1 with those in period 2 in the I/C group might show a more distinct difference. The decreases in 2-hr PG levels and serum FFA levels in the intervention were again significant in the above analyses, indicating that, at least, these are effects of PBF.
Very recently, acute effects of PBF ingestion on postprandial glucose levels and FFA were reported (Arai et al. 2007 ). In the report, consumption of PBF at breakfast has been shown to improve postprandial glucose levels after lunch, where PBF were not consumed. This effect was considered as the second-meal effect, which has been reported for consumption of a low-glycemicindex diet (Jenkins et al. 1982; Liljeberg et al. 1999) . Therefore, since the effects of consumption of PBF at breakfast does not seem to be limited to breakfast only rather extended to lunch, the effects of long-term consumption of PBF may accumulate and, become more prolonged and stronger than one-time consumption. This idea further supports the decreases in 2-hr PG levels and serum FFA levels observed in the intervention to be the effects of PBF.
The decrease in VFA was significant only in analysis comparing the value at the end of the intervention period with that at the baseline in the I/C group. This may discount the probable decrease in VFA in the intervention. Analysis comparing the change in VFA in the I/C group with that in the C/I group in period 1 showed no significant difference, probably because the VFA in the C/I group also decreased in period 1. This indicates that the decrease in VFA observed in the I/C group in period 1 may have been due to a seasonal change. Analysis comparing the change in VFA in the intervention period with that in the control period in the same subjects also showed no significance. However, we further checked the data individually, as shown in Fig. 1 . Interestingly, the responders were more viscerally obese than the non-responders, which can explain the reduction in VFA with the intervention being found only in the viscerally obese subjects, thus indicating that the consumption of PBF is not effective to decrease VFA in general, but is effective in subjects who are viscerally obese. Although this finding seems to limit the effect of the intervention on the reduction in VFA to viscerally obese subjects, these subjects particularly need to reduce VFA. Therefore, this result does not seem to discount the beneficial effect of the intervention, although studies with more subjects are needed to determine the detailed characteristics of subjects for whom the intervention is effective.
PBF is a novel palatinose-based enteral formula. Its bolus intragastric ingestion in rats was shown to suppress postprandial PG levels, and its long-term administration in rats was shown to reduce visceral fat accumulation and improve insulin sensitivity (Arai et al. 2004) . In this human study, we examined the effects of PBF using the hypothesis below: postprandial glucose levels are expected to decrease whenever PBF is consumed, and thus its long-term consumption seems to induce chronically decreased postprandial PG levels, leading to improved insulin sensitivity and thus an improvement of several characteristics related to insulin resistance such as impairments of glucose tolerance and early insulin secretion in response to an oral glucose load, an accumulation of visceral fat and a dyslipidemic profile. We showed that the long-term consumption of PBF decreased 2-hr PG levels after OGTT, serum FFA levels and VFA. These findings seem to agree well with the above hypothesis; however, some results were not in good agreement with the hypothesis or our previous study with rats. The administration of PBF for 2 months in rats did not decrease serum FFA levels but serum triglyceride levels (Arai et al. 2004) . The difference in species may account for this difference in the effect of PBF on the lipid profile. No improvement in early insulin secretion in response to OGTT with the intervention was significantly observed in this study. To resolve these issues, further studies with more subjects and a longer study period are thus required in the future.
In conclusion, the consumption of PBF suppressed postprandial hyperglycemia indicated as 2-hr PG levels, improved the lipid profile such as serum FFA levels and, at least in a viscerally obese population, reduced visceral fat accumulation indicated as VFA in humans.
